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Description 

[0001] This invention relates generally to endodontic 
therapy and, more particularly, to the restoration of a 
dead or severely decayed tooth by preparing the tooth's s 
root canal with the assistance of optical techniques such 
as induced fluorescence spectroscopy. 
[0002] An endodontic apparatus comprising a light 
source, an optical fibre and an elongated tool is dis- 
closed in EP 0 319 749 A1 . ro 
[0003] The restoration of a dead or severely decayed 
tooth requires the tooth's root canal to be cleaned and 
sealed. The structure of a typical tooth 10 is shown in 
FIG. 1 . The tooth has a crown 12 which extends above 
the gums 14 and is covered by enamel 1 6. At the heart '5 
of the tooth is the relatively soft living pulp 18 which in- 
cludes blood vessels 20 and nerves 22. A hard sub- 
stance called dentin 24 surrounds the pulp. The tooth 
also has one or more roots 26 below the gums that fit 
into sockets in the jawbone 28. Each root is covered by 20 
a sensitive, bone like material called the cementum 30. 
Within each root is a root canal 32. The root canal's 
structure may have dramatic curvatures and other com- 
plex microstructures at almost any position within the 
root. At the end or apex 34 of the root canal is a small 25 
opening, also called the apical foramen, through which 
the tooth's blood vessels and nerves enter into the root 
canal. 

[0004] The ultimate success of the restoration of a 
tooth 10 is directly dependent upon the preparation of 30 
each root canal 32 and the integrity of the seal of the 
apex 34. Each root canal must be thoroughly cleaned 
eliminating tissue remnants, bacteria and antigenic in- 
flammatory chemicals. Inadequate cleaning of the root 
canal may lead to short-term treatment failure, as well 35 
as long-term problems such as persistent inflammation 
and/or infection. Inadequate sealing of the apex 34 may 
allow contaminates to enter the root canal which may 
lead to persistent problems with or even failure of the 
tooth's restoration . The reintroduction of irritants and the *o 
slow dissemination of pathogenic substances through 
an unsealed opening exit is the most common cause of 
long-term endodontic failures. 
[0005] Also, in conventional endodontic therapy, the 
root canal 32 must be shaped to allow controlled total 45 
filling of the root canal in all dimensions. Since a root 
canal frequently has an irregular structure, the shaping 
of the root canal must be carefully performed. As shown 
in FIGS. 2A and 2B, typical endodontic instruments, 
such as files 36 and the like, are much harder than the so 
tooth's dentin 24 and tend to go in straight paths when 
used incorrectly. Such misuse of an endodontic file 
tends to cause blockages, ledges, via folsas 37, and 
perforations 38, all of which tend to decrease the chanc- 
es of a successful tooth restoration. Also, incorrect use ss 
of a file may lead to overinstrumentation wherein too 
much healthy dentin is removed from the tooth which 
also tends to decrease the chances of a successful res- 



toration. 

[0006] As the root canal 32 is cleaned and shaped, 
the opening at the apex 34 of each root canal must be 
precisely located and prepared for sealing. The location 
and preparation of the opening greatly determines the 
effectiveness of the apical seal. 
[0007] The proper preparation of the root canal 32 and 
location of the apex 34 typically requires a preoperative 
radiograph to gain insight into the size, shape and loca- 
tion of the root canal. However, the apical third of the 
root canal is obscured by the jawbone and tends to dis- 
appears from view on an x-ray image. The lack of a clear 
x-ray image of the apical third of the root canal adds to 
the uncertainty of the root canal's structure and the ulti- 
mate success of the restoration since this region of the 
root canal is where usually most of the root canals struc- 
tural complexities are found. Certainly, more potential 
for irreversible damage exists in the apical third of a root 
canal than in the coronal two-thirds of the canal system. 
Other methods for determining the length of the tooth 
such as radiographs, tactile sense, and electronic apex 
detectors are not always able to precisely detect the lo- 
cation of the opening at the root canal's apex. 
[0008] From the discussion above, it should be appar- 
ent that there is a need for a root canal explorer that can 
remove infected dentin with a minimum loss of healthy 
dentin, that can locate the opening at the root canal's 
apex, and that can seal the apex and fill the root canal 
while being relatively simple and rapid to use, and that 
provides lasting results. The present invention address- 
es these needs. Sealing the apex and filling the root ca- 
nal is addressed in Divisional Application EP 97 120 
756.8 of EP 9 430 496.8. 

[0009] The above problem is solved by an endodontic 
apparatus in accordance with claims 1 and 4, 
[001 0] The present invention is embodied in an endo- 
dontic apparatus for preparing, a tooth's root canal using 
induced fluorescence spectroscopy. The apparatus ac- 
curately locates the root canal's apex, thus reducing the 
number of x-rays required and improving the likelihood 
of short-term and long-term success of the restoration. 
[0011] The endodontic apparatus includes an elon- 
gated tool and an optical fiber. The elongated tool is 
sized to fit within the root canal and has a passage 
through its centerthrough which the optical fiber passes. 
The optical fiber is retained in the passage and the tip 
of the optical fiber is exposed at the end of the tool wh ich 
enters into the root canal. 

[001 2] In a more detailed feature of the invention, the 
optical fiber carries ultraviolet, visible (blue) or infrared 
light. Ultraviolet and blue light is used to induce fluores- 
cence within the root canal and to active light cure 
epoxy. Infrared light is used to widen the canal and to 
remove blockages of root canal. As an additional feature 
the tool may include a stop slidably mounted on the out- 
side surface of the tool to assist in determining the length 
of the root canal. Additionally, the tool's outside surface 
may have a slightly conical shape to better fit within the 
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root canal. The conical surface may have metal flutes 
or sharpened edges for removing dentin from the root 
canal. 

[0013] In the invention, the optical fiber of the endo- 
dontic tool is coupled to a light source, a sensor and a 
processor. The light source emits excitation light that is 
directed into the root canal by the optical fiber. The ex- 
citation light induces the tissues within the root canal to 
fluoresce. The fluorescence light is included with the re- 
turn light that is captured by the optical fiber. The sensor 
monitors the return light and generates a plurality of 
electrical signals indicative of the intensity of return light 
within predetermined wavelength bands. The processor 
processes the plurality of electrical signals to determine 
the structure and composition of the tissues within the 
root canal. The system can also determine whether a 
light cure restorative in the root canal has polymerized. 
[0014] Ideally, the entire root canal may be cleaned 
prepared and filled using the apparatus and method of 
the present invention. First, the crown of the tooth is 
opened and the pulp removed. Next, the entrance at the 
root canal is located using induced fluorescence spec- 
troscopy. Then root canal is cleaned and shaped. Again, 
induced fluorescence spectroscopy is used to deter- 
mine whether all the infected dentin has been removed, 
to determine the shape of the root canal, and to prevent 
damaging and perforating the root canal. Also, the apex 
is located using induced fluorescence spectroscopy and 
prepared. A light cure restorative is placed in the open- 
ing at the apex and activated with light. After the root 
canal is sealed, the remainder of the root canal is filled 
with light cure restorative. 

[001 5] Other features and advantages of the present 
invention should become apparent from the following 
description of the preferred embodiment, taken in con- 
junction with the accompanying drawings, which illus- 
trate, by way of example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 illustrates the anatomy of a tooth. 
[0017] FIG. 2A illustrates a tooth having a via folsa 
created by an endodontic file. 
[001 8] FIG. 2B illustrates a tooth having a perforated 
root caused by an endodontic file. 
[0019] FIG. 3 is a block diagram of an induced fluo- 
rescence system of the present invention for determin- 
ing the structure of a tooth's root canal. 
[0020] FIG. 4 is a graph of the intensity of fluores- 
cence verses wavelength of healthy and carious dentin 
in a human tooth excited by light having a wavelength 
of 308 nanometers. 

[0021] FIG. 5 is a graph of the intensity of fluores- 
cence verses wavelength of the bone, the apex, the root 
canal with pulp, apex and a diseased root canal of a rab- 
bit tooth excited by light having a wavelength of 442 na- 
nometers. 

[0022] FIG. 6 is a graph of the intensity of fluores- 



cence verses wavelength of the enamel of a porcine 
tooth excited by light having a wavelength of 442 na- 
nometers. 

[0023] FIG. 7 is a graph of the intensity of fluores- 
s cence verses wavelength of the dentin of a porcine tooth 
excited by light having a wavelength of 442 nanometers. 
[0024] FIG. 8 is a graph of the intensity of fluores- 
cence verses wavelength of the cementum of a porcine 
tooth excited by light having a wavelength of 442 na- 
10 nometers. 

[0025] FIG. 9 is a graph of the intensity of fluores- 
cence verses wavelength of the jawbone surrounding a 
porcine tooth excited by light having a wavelength of 442 
nanometers. 

15 [0026] FIG. 10 is a graph of the intensity of fluores- 
cence versus wavelength of the pulp of a porcine tooth 
excited by light having a wavelength of 442 nanometers. 
[0027] FIG. 11 is a graph of the intensity of fluores- 
cence verses wavelength of the root canal with pulp of 

20 a porcine tooth excited by light having a wavelength of 
442 nanometers. 

[0028] FiG. 12 is a graph of the intensity of fluores- 
cence versus wavelength of the root canal after cleaning 
of a porcine tooth excited by light having a wavelength 
25 of 442 nanometers. 

[0029] FIG. 13 is a graph of the intensity of fluores- 
cence versus wavelength of the apex of the tooth of a 
porcine tooth excited by light having a wavelength of 442 
nanometers. 

30 [0030] FIG. 1 4 is a block diagram of one embodiment 
of the induced fluorescence system shown in FIG. 3. 
[0031] FIG. 15 illustrates one embodiment of an en- 
dodontic apparatus of the present invention called a fib- 
er-optic reamer. 

35 [0032] FIG. 16 illustrates another embodiment of the 
endodontic apparatus of the present invention called a 
fiber-optic root canal file. 

[0033] FIG. 1 7 illustrates another embodiment of the 
endodontic apparatus of the present invention called a 

40 fiber-optic root canal explorer for locating the root canal. 
[0034] FIG. 1 8 illustrates another embodiment of the 
endodontic apparatus of the present invention called a 
fiber-optic root canal explorer for estimating the working 
length of the root canal. 

« [0035] FIG. 19 illustrates the use of the fiber-optic 
reamer shown in FIG. 15 for shaving dentin to shape the 
root canal and for finding the end of the root canal during 
cleaning and shaping. 

[0036] FIG. 20 illustrates another embodiment of the 
so endodontic apparatus of the present invention called a 
fiber-optic apex locator for confirming the working length 
of the tooth using induced fluorescence. 
[0037] FIG. 21 illustrates a fiber-optic apex sealer not 
claimed in the present invention. 
55 [0038] FIG . 22 and 23 illustrates a fiber-optic root ca- 
nal filler not claimed in the present invention. 
[0039] FIG. 24 illustrates the step of curing a light cure 
restorative in a root canal. 
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[0040] FIG. 25 Is a graph of the intensity of fluores- 
cence verses wavelength of light cure restorative before 
and after curing. 

[0041 ] FIG. 26 Is a schematic diagram of the concept 
of a neural network. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0042] As shown in the exemplary drawings, the 
present invention Is embodied in an endodontic system 
40 for restoring a tooth by cleaning, sealing and filling a 
tooth's root canal with the assistance of induced fluores- 
cence spectroscopy. The endodontic system 40 deter- 
mines the structure of the tooth by monitoring the fluo- 
rescence of the tooth without the use of fluorescent dyes 
or the use of other indirect methods. Also, the fluores- 
cence endodontic system tends to reduce the number 
of x-rays needed and to provide greater control in clean- 
ing, shaping, sealing, and filling of the root canal. The 
fluorescence endodontic system further tends reduce 
the possibility of complications which may increase the 
chances of short-term or long-term failure of the resto- 
ration. 

[0043] In the system 40, shown in FIG. 3, a light 
source 42 directs ultraviolet or blue excitation light 44 
into a tooth's root canal 32 through an optical fiber 46 to 
illuminate and induce the tissues within the tooth 10 to 
fluoresce. The optical fiber collects return light 48 from 
the illuminated tissues within the tooth, such return light 
including the tissue's fluorescence light and scattered 
excitation light. A sensor 50 monitors the return light col- 
lected by the optical fiber and generates electrical sig- 
nals corresponding to the intensity of return light within 
predetermined wavelength bands. The electrical signals 
represent the intensity of return light within spectral 
wavelength bands corresponding to wavelength char- 
acteristics of the fluorescence of the various tissues. 
The electrical signals are communicated from the sen- 
sor to a processor 52. The processor then processes 
the electrical signals to determine the composition and 
the structure of the tissues within the root canal. 
[0044] The light source 42 is also referred to as the 
excitation source. The excitation light 44 from the light 
source typically has a wavelength between 250 nanom- 
eters and 450 nanometers. The excitation light can be 
produced from any type of ultraviolet or blue light 
source. In the preferred embodiment, the light source is 
an excimer (XeCI) laser producing narrow-band ultravi- 
olet light having a wavelength of about 308 nanometers 
or a helium-cadmium (HeCd) laser producing narrow- 
band blue light having a wavelength of about 442 na- 
nometers. Alternatively, a nitrogen laser, a frequency- 
multiplied diode laser, a solid-state laser, arc lamp or 
light emitting diode (LED) can be used. The output pow- 
er of the light source is typically 200 microwatts to 5 mil- 
liwatts. Higher or lower output power levels can be used 
depending upon the equipment and wavelength used. 



However, care must be taken to ensure that the energy 
density is not too high or too low. If the energy density 
is too high, ablation of the sample may occur, whereas 
if the energy density is too low. obtaining a sufficient 

s electrical signal may be difficult 

[0045] The detectors in the sensor 50 can be as sim- 
ple as individual light-sensitive diodes, with appropriate 
bandpass niters, or more complicated such as a optical 
spectrum analyzer that analyzes a broad spectrum of 

io the return light. Preferably, the sensor is a suitable op- 
tical spectrometer having an array detector used to 
monitor a variety of wavelengths and produce corre- 
sponding electrical signals. A suitable optical spectrom- 
eter is a SPEX 500M available from SPEX Industries, 

15 inc. of Edison, New Jersey. A suitable array detector is 
a Model 1420 or 1421 intensified silicon photodiode ar- 
ray detector available from EG&G Princeton Applied 
Research of Princeton, New Jersey. 
[0046] In its simplest form, the processor 52 receives 

20 the electrical signals from the sensor 50 and algebrai- 
cally manipulates or combines the signals to determine 
and indicate the composition of the tissue in the root ca- 
nal 32 in a well understood manner. 
[0047] The process of determining the structure and 

25 composition in the root canal is better understood with 
reference to FIG. 4. The two spectral signals shown in 
FIG. 4 are the fluorescence spectrum of healthy and dis- 
eased portions of a human tooth after excitation with an 
ultraviolet excimer laser light having a wavelength of 

30 308 nanometers. Each spectrum has a different peak 
wavelength. The spectrum for healthy dentin 54 has a 
peak centered at approximately 450 nanometers, and 
the spectrum for infected dentin 56 has a peak centered 
at approximately 500 nanometers. Thus, the wave- 

35 length of the peak corresponding to the healthy dentin 
fluorescence is approximately 50 nanometers shorter 
than the wavelength of the peak corresponding to the 
infected dentin's fluorescence. This wavelength differ- 
ence Is used to determine whether the infected dentin 

40 has been sufficiently removed from the root canal. 
[0048] Referring now to FIG. 5, the fluorescence 
spectrum is shown for the different tissues or compo- 
nents of the root canal 32 of a rabbit tooth after excitation 
with an ultraviolet excimer laser light having a wave- 

45 length of 308 nanometers. The fluorescence spectrum 
of the root canal with pulp 58 is shown having a main 
peak at 400 nanometers and minor peaks at 460 and 
480 nanometers. The fluorescence spectrum of the 
cleansed root canaJ 60 is shown as having similar peaks 

so of different height ratios. The fluorescence spectrum of 
the apex of the root canal 62 is shown having two main 
peaks at 460 and 480 nanometers and a minor peak at 
400 nanometers. The fluorescence spectrum of the 
bone of the jawbone 64 is shown to have a main peak 

55 at 41 5 nanometers and minor peaks at 460 and 480 na- 
nometers. As will be discussed further, this graph illus- 
trates that the different spectral profile of the different 
components of the tooth can be used to determine the 
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structure and composition of the tooth. 
[0049] Referring now to the graphs in FIGS. 6-1 3, the 
fluorescence spectrum is shown in these graphs for the 
different tissues or components of the root canal of a 
porcine tooth after excitation with light having a wave- 
length of 442 nanometers produced by a suitable HeCd 
laser. As shown in FIG. 6, the fluorescence spectrum of 
the enamel of the porcine tooth has a peak between 560 
and 580 nanometers. As shown in FIG. 7, the fluores- 
cence spectrum of the dentin of a porcine tooth has a 
peak between 540 and 560 nanometers. As shown in 
FIG. 8, the fluorescence spectrum of the cementum of 
a porcine tooth has a peak between 530 and 550 na- 
nometers. As shown In FIG. 9, the fluorescence spec- 
trum of the jawbone supporting a porcine tooth has a 
peak between 560 and 580 nanometers. As shown in 
FIG. 1 0, the fluorescence spectrum of the pulp of a por- 
cine tooth has a peak between 540 and 560 nanome- 
ters. As shown in FIGS. 11 , the root canal with pulp of 
a porcine tooth has a fluorescence spectral profile dis- 
tinct from the fluorescence spectral profile shown in FIG. 
12 of the root canal after cleansing. As shown in FIG. 
13, the apex of the root canal of a porcine tooth has a 
fluorescence spectral profile distinct from that of the 
cleansed root canal. 

[0050] By monitoring the intensity of the fluorescence 
spectrum within several wavelength bands and compar- 
ing that intensity with reference wavelength bands, the 
composition of the porcine tooth may be determined. 
The following formula provides a ratio that identifies the 
composition of the tooth: 

ratio = (s Peak - s Ref ^yts™ Short ) 

where S Peak is the intensity of light within the peak wave- 
length bands of 20 nanometers discussed above, 
SRef Long j s the intensity of light within a reference wave- 
length band at wavelengths that are longer than the 
peak wavelength and S Ref Short is the intensity of light 
within a reference wavelength band at wavelengths 
shorter that are shorter than the peak wavelength. The 
two reference bands are chosen to cover the tail at each 
end of the emission band of the fluorescence spectrum. 
Since the wavelength profile of a given fluorescence 
spectrum shifts in relation to a shift in the excitation 
light's wavelength, the reference band is chosen in view 
of the wavelength of the excitation light. 
[0051 ] For the fluorescence spectrum shown in FIGS. 
6-13, the reference band S Ref ^"9 is between 620 and 
640 nanometers and the reference band S*** shod is be- 
tween 500 and 520 nanometers. Thus, the following for- 
mula provides a ratio that identifies the composition of 
the tooth when excitation light having a wavelength of 
442 nanometers is used: 



RATIO = (S Peak -S 6 ^ 640 )/(S 500 - 520 ) 



30 



40 



50 



55 



where S 620 " 640 is the intensity of light within a reference 
wavelength band between 620 and 640 nanometers 
and S 500 " 520 is the intensity of light within a reference 
wavelength band between 500 and 520 nanometers. 
[0052] The results of this calculation applied to spec- 
tral profiles obtained from experimental measurements 
performed on several porcine teeth are summarized in 
the following table: 



10 


Components 


Ratios 




Enamel 


1.923 ±0.683 




Dentin 


1.806 ±0.306 




Cementum 


2.048 ± 0.572 


15 


Pulp 


1.426 ±0.318 




Structures 


Ratios 




Root canal with pulp 


1.321 ±0.410 




Root canai=cieansed 


1.524 ±0.361 


20 


Apex of the tooth 


1.359 ±0.165 




Jawbone 


1.202 ±0.312 



[0053] By knowing the wavelength of the peak fluo- 
rescence band and the ratio calculated as discussed 
above, the composition within the root canal is deter- 
mined. 

[0054] FIG. 14 shows an additional embodiment of 
the present invention, for determining the composition 
and anatomical boundaries of the root canal 32 of a 
tooth 10. The light source 42\ a suitable HeCd low pow- 
er laser, directs the excitation light 44* having a wave- 
length of 442 nanometers towards a suitable dichroic 
mirror 66. The dichroic mirror, preferably but not neces- 
sarily one supplied by CVI of New Mexico, exhibits high 
reflectance at 442 nanometers and high transmittance 
at 500 nanometers. The dichroic mirror reflects the ex- 
citation light towards a first lens 68. 
[0055] The first lens 68 focuses the excitation light 44' 
into the end of an optical fiber 46* and also collimates 
the collected return light 48' that is emitted from the op- 
tical fiber. The optical fiber has a 400 micrometer core 
diameter. The distal end of the optical fiber scans the 
root canal 32 by directing the excitation light in the root 
canal. The same distal end also collects the return light 
48' from the root canal. The return light passes from the 
fiber through the first lens, the ultraviolet mirror 66 and 
a long pass optical filter 70. The long pass optical filter 
has a cutoff wavelength of 325-345 nanometers to filter 
scattered or reflected excitation light from the return 
light. The fluorescent light is focused into a second op- 
tical fiber 72 by a second lens 74. The second optical 
fiber transmits the return light to the entrance of a spec- 
trograph 50*. At the entrance of the spectrograph is a 
suitable long pass filter, such as the Schott GG475 filter, 
which further excludes any reflected excitation light from 
the return light. After the filter is a slit having a slit width 
of 50 micrometers. The slit is followed by a diffraction 
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grating having 100 grates per millimeter that resolves 
the return light along an axis. 

[0056] Along the axis is positioned a detector 51 , pref- 
erably a 1024 element linear device array detector 
(EG&G 1 422G). Each element of the detector array cor- 
responds to a spectral wavelength band of the return 
light. The detector array provides an analog signal that 
is converted into a digital signal for analysis and 
processing by an optical multichannel analyzer 52'. The 
digital signal contains data representing the intensity of 
light received for each of the spectral wavelengths. The 
data may also be displayed on the screen of the optical- 
multichannel analyzer 52* or saved on a data disk. A 
suitable system which includes both a detector and a 
multichannel analyzer is an OMA® 4 available from 
EG&G Princeton Applied Research of Princeton, New 
Jersey. 

[0057] The ratio of the light intensity collected in the 
several spectral wavelength bands or regions is calcu- 
lated as discussed above. Using the calculated ratio, the 
intensity of light within a peak wavelength band is ana- 
lyzed with the intensity of light with other spectral wave- 
length bands to identify the portion of the tooth within 
the root canal thus determining the anatomical bound- 
aries of the tooth. 

[0058] In an alternative embodiment of the present in- 
vention, the sensor 50 may include an aberration cor- 
rected wavelength division multiplexer (WDM) and a 
512 x 512 pixel charged-coupled device (CCD) array. 
The fiber 46 which transmits and couples the return light 
into an f/2, 1 5 centimeter focal length aberration correct- 
ed WDM and the 51 2 x 51 2 pixel CCD array. The WDM's 
grating will be set at a fixed angle covering a 350 na- 
nometer (300-650 nanometers) spectral range. The 
light exposure (light intensity x exposure time) for each 
pixel is digitized on a linear scale from 0 to 2 14 (1 6,384). 
The array may be liquid nitrogen cooled array which re- 
sults in a substantial reduction of background noise sig- 
nals. In addition, since the background noise signals are 
almost uniformly distributed across the array, the aver- 
age noise signal may be subtracted from the fluores- 
cence signal from each detector element of the array. A 
suitable sensor is the 1 530-CUV cryogenically cooled 
CCD detector available from EG&G Princeton Applied 
Research of Princeton, New Jersey. 
[0059] In another alternative embodiment, the sensor 
50 may include a photodetector (PD) array having a 
built-in thermo-electric cooler (TEC). The TEC cooled 
array detector operates with lower noise levels than 
room temperature array detectors. A suitable TEC 
cooled array is the 1530-PUV thermo electrically cooled 
CCD detector available from EG&G Princeton Applied 
Research of Princeton, New Jersey. 
[0060] In an alternative embodiment of the invention, 
the processor 52* may include an artificial neural net- 
work as shown in FIG. 26. The artificial neural network 
consists of layers of interconnected processors (neu- 
rons) 1 06. The spectral data from the sensor 50' is input 



at the input neuron layer 108. Preferably, each of the 
wavelength bands discussed is divided into 10 smaller 
bands or windows. The input neuron layer has sufficient 
inputs to receive the data for each wavelength band of 
s interest. The neural network performs a nonlinear trans- 
formation on the input data and produces Its result at 
the output neuron layer 110. Neural network has great 
flexibility in that it can be taught to transform the spectral 
data (input neuron layer) into an output (output neuron 
10 layer) that automatically and uniquely identifies the com- 
ponents of the tooth with relatively very high sensitivity 
(one to two orders higher than the conventional detec- 
tion limit), high speed (a fraction of a second for identi- 
fying one spectrum), and high reliability (confidence lev- 
's el being indicated by neural network output). The soft- 
ware implementing the neuron network is preferably the 
substance Identification "Neural Network" software 
package from Physical Optics Corporation of Torrance, 
California. The neural network operations and decision 
making may be performed on an IBM compatible per- 
sonal computer. 

[0061] Referring now to FIGS. 15-21, endodontic 
tools embodying the present invention using induced 
fluorescence spectroscopy are used to shape, clean, 
and prepare a root canal 32. A fiber-optic reamer 76 is 
shown in FIG. 15. The fiber-optic reamer includes a met- 
al-coated optical fiber 78 through its center. To manu- 
facture the fiber-optic reamer, sections of round-tapered 
metal stock having a passage through its center are ma- 
chined into triangular shaped blades. The machined 
blades are then twisted to produce the flutes 80. The 
optical fiber, preferably a metal-coated optical fiber, is 
retained or otherwise secured in the passage. The 
reamer shaves dentin when the sharp blades are rotat- 
ed clockwise in the canal. The optical fiber is exposed 
at the tip of the fiber-optic reamer such that the optical 
fiber can transmit the excitation light into the canal and 
can collect and transmit the return light from the canal. 
The optical fiber can also transmit infrared (IR) light to 
ablate tissue and obstructions. The fiber can also trans- 
mit ultraviolet light to kill bacteria in the root canal. At 
the other end of the fiber is a fiber-optic connector 82. 
Optimally, a stop 84 may be included on the upper por- 
tion of the file for use by those dentists comfortable with 
the current practice of using a stop to determine the 
length of the root canal. 

[0062] A fiber-optic file 86 of the present invention is 
shown in FIG. 1 6. The fiber-optic file includes an optical 
fiber 88 through its center. Generally, the blade 90 is 
ground into a square tapered blank. The file acts by 
scrapping dentin from the walls of the canal in a rasping 
action. A reaming action also can be accomplished by 
slightly rotating the instrument. The fiber-optic file has 
the optical fiber exposed at the tip of the file. As dis- 
cussed with respect to the fiber-optic reamer, the fiber 
can transmit IR, visible and UV light into the root canal 
and transmit return light from the root canal. Stop 84 
also may be included. 
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[0083] A root canal explorer 92 of the present inven- 
tion is shown in FIG, 1 7. After opening the pulp chamber 
using conventional techniques, (i.e., using a round burr) 
the fiber-optic explorer is placed into the chamber to lo- 
cate the entrance into the root canal 32. Based on the 
difference between fluorescence signals of the dentin 
24 and the pulp 18, the root canal's entrance is identi- 
fied. After the root canal is located, the fiber-optic file 
and reamer are carefully manipulated so as to clean and 
shape the root canal. (See FIGS. 1 8 and 1 9) During this 
procedure, the induced fluorescence from the compo- 
nents of the root canal are used to determine whether 
organic or infected tissue remain in the root canal. The 
apex 34 is detected by forwarding the fiber-optic tool to- 
wards the end of the root canal. Based on the fluores- 
cence signal processing, a signal such as a voice or in- 
dicating light, warns that the apex of the canal has been 
reached. The conventional rubber stop 84 is used to as- 
sist in determining the correct working length of the tooth 
10 prior to sealing the apex and filling the root canal us- 
ing light cure restoratives. 

[0064] A fiber-optic apex locator 94 of the present in- 
vention is shown in FIG. 20. The fiber-optic apex locator 
may be as simple as a fiber that extends to the apex 34 
of the tooth 10. The apex locator may include a stop 84 
to assist in determining the location of the apex. 
[0065] After cleaning the root canal 32, the apex 34 is 
sealed with light cure restoratives as shown in FIG. 21 . 
The apex sealing apparatus (not claimed in the present 
invention) 96 includes a plunger 98, a tube 100 and an 
optical fiber 1 02. The tube and the optical fiber extend 
to the apex of the root canal. The plunger is used to force 
light cure restorative through the tube. The light cure re- 
storative is deposited at the apex of the root canal. The 
optical fiber delivers light to the apex to activate the light 
cure restorative. 

[0066] After the apex 34 has been sealed, the entire 
root canal 32 is filled with light cure restorative as shown 
in FIG. 22. The filling Instrument 104 is shown in FIG. 
23 and is similar in construction to the apex sealing ap- 
paratus 96, but the tube 1 00' is not required to extend 
completely to the apex of the tooth 10. 
[0067] The fiber-optic induced fluorescence system is 
also suitable for detection of whether the light cure re- 
storative 106 has actually cured. As shown in FIGS. 24 
and 25, the fluorescence signal received from the light 
cure restorative, such as Si lex Plus 3M®, before it is 
light activated 1 08 is much larger than the signal re- 
ceived after the restorative is activated by blue light and 
the compound polymerizes 110. This intensity decrease 
in a predetermined wavelength range, such as 500 to 
540 nanometers, provides a feedback mechanism to 
control the root canal sealing and filling process and en- 
sure that the sealing compound is properly cured. The 
curing process typically takes 1 to 5 minutes after the 
compound has been light activated. 
[0068] A wide variety of fibers can be used in the 
present invention. The ultraviolet and visible light is 



readily transmitted through polymethylmethacrylate 
(PMMA0), polystyrene (PS) and silica-core fibers coat- 
ed with silica, plastic clad silica and metal coated silica. 
Near-infrared light is readily transmitted through silica 

5 fibers. Mid-infrared (Tm: YAG ,Ho : YAG) light is readily 
transmitted through low OH anhydroguide G Silica fiber. 
Erbium YAG or Er.YSGG (3,100 nanometers) light is 
readily transmitted through a zirconium fluoride fiber, 
however, flour Is toxic. 

w [0069] If desired, the fiber-optic root canal tools and 
related methods discussed above may also be used to 
supplement conventional endodontic techniques of p re- 
procedure radiographs, tactile perception, average 
tooth length charts, etc. Thus, the dentist can choose 

is the extent to which the fiber-optic tools are utilized. 
[0070] From the foregoing, it will be appreciated that 
the endodontic tools and related methods discussed 
above tend to reduce the number of x-rays otherwise 
needed and used in conjunction with conventional in- 

20 strument methods according to the skill and resources 
of the individual dentist. The endodontic tools clean and 
prepare the canal, thereby tending to reduce via folsas, 
and to minimize the dangers of broken instruments. The 
tools can establish the working length of the tooth, and 

25 locate the apex and seal the apex using light cure re- 
storatives and/or high heat generated by light and fill the 
root canal with light cure restoratives. The tools also can 
eliminate pulp and pulp stones, and can cut, widen, and 
coagulate using infrared lasers through these same fib- 

30 er-optic headpieces. In addition, the endodontic tools 
discussed above provide relatively instantaneous deter- 
mination of the composition of the root canal without the 
processing delays associated with x-rays, etc. 

35 

Claims 

1. An endodontic apparatus for preparing a tooth's 
root canal (32), comprising: 

40 

a metal-coated optical fiber (78) adapted to 
guide light between the ends of the fiber; and 

an elongated tool having first and second ends 
45 and a passage through its center between the 

first and second ends; 

wherein the optical fiber (78) passes through and is 
retained within the passage such that one end of 
50 the optical fiber (78) projects from the first end of 
the tool; and 

wherein the first end of the tool is adapted to enter 
into the root canal (32). 

55 2. An endodontic apparatus as defined in claim 1, 
wherein the optical fiber (78) is adapted to guide ul- 
traviolet, visible and infrared light. 
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3. An endodontic apparatus as defined in claim 1 , fur- 
ther comprising a stop (84) slidably mounted on the 
outer surface of the tool near the second end to the 
tool, the stop (84) adapted to be used for determin- 
ing the length of the root canal (32). s 

4. An endodontic apparatus for preparing a tooth's 
root canal (32), comprising: 

an optical fiber (46; 88; 102) adapted to guide 10 
light between the ends of the fiber; and 

an elongated tool having first and second ends, 
and defining 

15 

a passage through the tool's center between 
the first and second ends, wherein the optical 
fiber (46; 88; 102) passes through and is re- 
tained within the passage such that one end of 
the optical fiber (46; 88; 1 02) is exposed at the 20 
first end of the tool, 

characterized In that 

a slightly conical outside surface with the outside 
diameter of the tool being smaller at its first end than 25 
at its second end so that the first end of the tool is 
adapted to enter into the root cana! (32), wherein 
the outside surface of the tool, is a metal surface 
adapted to remove dentin (24) from the tooth's root 
canal (32). so 

5. An endodontic apparatus as defined in claim 4, 
wherein the outside surface of the tool has flutes 
(80) adapted to shave and remove dentin (24) from 

the tooth's root canal (32). 35 

6. An endodontic apparatus as defined in claim 4, 
wherein the outside surface of the tool has a ta- 
pered blank adapted to file and remove dentin (24) 
from the root canal (32) of a tooth (1 0). 40 



PatentansprGche 

1. Eine endodontische Vorrichtung zurBehandlungei- 45 
nes Zahnwurzeikanais (32) mit: 

einer metallbeschichteten optischen Faser 
(76), welche dafur ausgelegt ist, Ucht zwischen 
den Enden der Faser zu leiten; und so 

einem langgestreckten Instrument mit ersten 
und zweiten Enden und einem DurchlaB in sei- 
ner Mitte zwischen den ersten und zweiten En- 
den; 55 

wobei die optische Faser (78) durch den DurchlaB 
verlauft und hierin derart gehalten ist, daB ein Ende 
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der optischen Faser (78) vom ersten Ende des In- 
strumentes vorsteht; und 

wobei das erste Ende des Instrumentes dafur aus- 
gelegt ist, in den Zahnkanal (32) einzutreten. 

2. Eine endodontische Vorrichtung nach Anspruch 1 , 
wobei die optische Faser (78) dafur ausgelegt ist, 
ultraviolettes, sichtbares und infrarotes Licht zu lei- 
ten. 

3. Eine endodontische Vorrichtung nach Anspruch 1 , 
we item in mit einem Anschtag (84), der gleitbeweg- 
lich auf der SuBeren Oberflache des Instrumentes 
nahe dem zweiten Ende des Instrumentes angeord- 
net ist, wobei der Anschtag (84) dafur ausgelegt ist, 
die Lange Wurzelkanals (32) zu bestimmen. 

4. Eine endodontische Vorrichtung zur Behandlung ei- 
nes Zahnwurzeikanais (32), mit: 

einer optischen Faser (46;88;102), welche da- 
fur ausgelegt ist, Licht zwischen den Enden der 
Faser zu leiten; und 

einem langgestreckten Instrument mit ersten 
und zweiten Enden, welches definiert 

einen DurchlaB durch die Mitte des Instrumen- 
tes zwischen den ersten und zweiten Enden, 
wobei die optische Faser (46;88;102) durch 
den DurchlaB verlauft und hierin so gehalten 
ist, daB eine Ende der optischen Faser (46;88; 
1 02) am ersten Ende des Instrumentes freiliegt, 

gekennzeichnet durch 

eine leicht konische AuBenoberflache, wobei der 
AuBendurchmesser des Instrumentes am ersten 
Ende geringer als am zweiten Ende ist, so daB das 
erste Ende des Instrumentes dafur ausgelegt ist, in 
den Wurzelkanal (32) einzutreten, wobei die Au- 
Benoberflache des Instrumentes eine Metallober- 
flache ist, welche dafur ausgelegt ist, aus dem 
Zahnwurzelkanal (32) Dentin (24) zu entfernen. 

5. Eine endodontische Vorrichtung nach Anspruch 4, 
wobei die AuBenoberflache des Instrumentes Ril- 
len (80) hat, welche dafur ausgelegt sind, Dentin 
(24) aus dem Zahnwurzelkanal (32) abzutragen 
und zu entfernen. 

6. Eine endodontische Vorrichtung nach Anspruch 4, 
wobei die AuBenoberflache des Instrumentes eine 
abgeschragte offene Stelle hat, welche dafur aus- 
gelegt ist, Dentin (24) aus dem Zahnkanal (32) ei- 
nes Zahns (10) abzufeifen und zu entfernen. 
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Revendlcations 

1. Dispositif endodontique pour preparer un canal de 
racine (32) <fune dent, comprenant : 

5 

une fibre optlque revetue de metal (78) prevue 
pour guider la Iumiere entre les extremites de 
la fibre ; et 

un outil allonge ayant une premiere et une 
deuxieme extremites et un passage en son io 
centre entre les premiere et deuxieme 
extremites ; 



dans lequel la surface exterieure de I'outii comporte 
des cannelures (80) qui peuvent raser et enlever la 
dentine (24) du canal de racine (32) de la dent. 

6. Dispositif endodontique selon la revendication 4, 
dans lequel la surface exterieure de I'outii prdsente 
une lame effil6e pr6vue pour iimer et enlever la den- 
tine (24) du canal de racine (32) o"une dent (10). 



dans lequel la fibre optlque (78) passe et est 
retenue a I'inteneur du dit passage de sorte qu'une is 
extr6mit6 de la fibre optique (78) fait sailfie par rap- 
port a la premiere; extrSmite" de i'outii ; et 

dans lequel la premiere extr£mitg de t'outi! est 
prevue pour entrer dans le canal de racine (32). 

20 

2. Dispositif endodontique selon la revendication 1, 
dans lequel la fibre optique (78) est prevue pourgui- 
der une Iumiere uftraviolette, visible et infrarouge. 



3. Dispositif endodontique selon la revendication 1, 25 
comprenant en outre une but£e (84) mont6e de fa- 
go n coulissante sur la surface ext6rieure de I'outii 
pres de la deuxieme extrSmite* de I'outii, la butSe 
(84) pouvant §tre utilised pour determiner la lon- 
gueur du canal de racine (32). 30 

4. Dispositif endodontique pour preparer un canal de 
racine (32) o"une dent, comprenant : 

une fibre optique (46 ; 88, 1 02) prevue pour gui- 
der une Iumiere entre les extremites de la fibre ; 
et 

un outil allonge" ayant une premiere et une 
deuxieme extremites, et definissant un passa- 
ge au centre de foutil entre les premiere et 
deuxieme extremites, 



35 



40 



dans lequel la fibre optique (46; 88; 102) 
passe et est retenue a I'interieur du dit passage de 
sorte qu'une extremite de la fibre optique (46 ; 88 ; 45 
102) fait saillie a la premiere extremite de I'outii, 
caracterise en ce que : 



I'outii presente une surface exterieure I6gere- 
ment conique, le diametre extdrieur de I'outii so 
etant plus petit a sa premiere extr6mit6 qu'a sa 
deuxieme extr6mit6 de sorte que la premiere 
extremity de I'outii peut entrer dans le canal de 
racine (32), et la surface exterieure de I'outii est 
une surface m6tallique pr6vue pour enlever la 55 
dentine (24) du canal de racine (32) de la dent. 



5. Dispositif endodontique selon la revendication 4, 
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FIG. 16 
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FIG. 23 
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